
21

                                                                       Traumatology and Orthopаedics of Kazakhstan, Volume 71. Number 1 (2024)

https://doi.org/10.52889/1684-9280-2024-1-71-21-29
UDC 616-089.23; 616-001; 615.477.2
IRSTI 76.29.41

A Descriptive Overview

Diagnosis and Treatment of Knee Osteoarthritis: Modern Aspects

Aida Baibusunova 1, Gaukhar Nyssanbay 2, Dmitriy Shwartz 3, Meruert Zhakeeva 4

1 Student  of  the School of Medicine, Astana Medical University, Astana, Kazakhstan. E-mail: baibusunova@ca-amu.kz
2 Student  of  the School of Medicine, Astana Medical University, Astana, Kazakhstan. E-mail: n.n.gauhar@gmail.com

3 Assistant of the Department of Traumatology and Orthopedics of Astana Medical University, Astana, Kazakhstan. 
E-mail: shwartz_dima81@mail.ru 

4 Assistant of the Department of Internal Diseases with courses in nephrology, hematology, allergology and immunology, Astana 
Medical University, Astana, Kazakhstan. E-mail: mikena90@mail.ru

Abstract 
Osteoarthritis of the knee joint (КOA) is a common chronic joint disease that most often affects adults over the age of 60. Recent 

studies indicate its progressive nature, involving structural changes in various components of the joint, including articular cartilage, synovial 
membrane and ligaments. 

Globally, about 250 million people suffer from КOA, with the incidence of  КOA increasing due to asymptomatic cases, obesity and 
other factors. Women are more likely to be affected by this disease than men. OA is becoming one of the main causes of disability in the world, 
accounting for 85% of the burden of  КOA. Approximately 10% of people over the age of 60 suffer from  КOA, which leads to movement restrictions

The purpose of the review is to highlight recent studies on imaging and current treatments for КOA, as well as an analysis of the 
prevalence of this disease.

Due to the severity of the process and the pain syndrome, non-surgical methods are often insufficient. Joint replacement is an important 
method of treatment at the terminal stage. However, other methods, such as corticosteroid injections, hyaluronic acid and the use of cells, can 
slow the progression of the disease. Timely diagnosis plays a key role, given that  КOA can be asymptomatic  in the early stages. It is important 
to take into account the symptoms, clinical data and results of various imaging techniques for effective disease management.
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 Introduction
Knee osteoarthritis (KOA) is the most common 

chronic multifactorial joint disease, which mostly affects 
adults 60 years of age or older [1]. According to the 
latest research, osteoarthritis (OA) is the progressive 
musculoskeletal condition, that injures dominant weight-
bearing joints, like the hips or knees joints [2-4]. This 
inflammatory disease includes structural changes in the 
articular cartilage, subchondral bone, Hoffa's adipose 
tissue, synovia, ligaments and muscles, therefore it is 
characterized not only as a mechanical degeneration of 
the articular cartilage, but also as concomitant structural 
and functional changes in the entire joint, including the 
meniscus and periarticular ligament [5,6].

Approximately 250 million people in all regions of 
the world suffer from OA, in that case the incidence of KOA 
increased significantly over the decade due to the higher 
prevalence of asymptomatic cases, as well to obesity and 
other risk factors [7]. Women suffer more often, which is 
confirmed by data on the prevalence of KOA at the age of 60 
years and older, in men it is about 10% and 13% in women 
[1].

According to the GBD 2015 Disease and Injury 
Incidence and Prevalence Collaborators, KOA is the main 
cause of the burden of osteoarthritis worldwide and 
estimated around 85% [8]. OA is one of the leading causes 
of increasing the global years lived with disabilities (YLD) 
[8]. Approximately 10% of the population over the age of 60 
years is affected by KOA, and 80% of this population have 

movement restrictions, and 25% have functional limitations 
that compromise the performance of daily activities [9,10].

Due to the fact that KOA is a chronic disease with 
severe symptoms, such as debilitating pain, non-surgical 
methods are not enough to improve the quality of life of 
patients. In case of ineffectiveness of conservative methods 
of treatment, to improve the quality of life, well-being 
and physical condition of patients at the terminal stage, 
joint arthroplasty is used, which is undoubtedly the most 
important discovery in medicine. However, other methods, 
such as the administration of corticosteroids, hyaluronic 
acid, the use of mesenchymal stem cells, as well as platelet-
rich plasma (PRP) or autologous micro fragmented adipose 
tissue with a stromal-vascular fraction can slow down the 
existing condition.

An important aspect in the treatment of KOA is 
timely diagnosis, due to the fact that KOA in the initial 
stages can be an asymptomatic disease. Close attention 
should be paid to the anamnesis and screening for patient-
reported outcomes such as pain, function and quality of 
life, clinical findings such as joint tenderness and crepitus, 
objective measures of physical activity, and various imaging 
modalities such as magnetic resonance imaging, along with 
biochemical markers research [11]. 

The purpose of the study: to highlight recent 
research regarding KOA on imaging and modern therapies, 
including prevalence studies.

 Causes and Risk Factors
Although KOA was thought to be a normal 

consequence of aging and a mechanical consequence of 
"wear and tear", it has therefore been characterized as 
degenerative. But now known that the development of 
KOA is associated with a multifactorial complex interaction 
of constitutional and mechanical factors, including 
joint integrity, lifestyle, genetic predisposition, local 
inflammation, mechanical influences, as well as cellular and 
biochemical processes [12-14]. The development of KOA is 
closely related to the aging of the body, since radiological 
signs occur in more than 75% of people over 75 years 
of age [15]. Obesity (elevated body mass index (BMI)), 
joint displacement and instability leading to increased 
mechanical stress are strong risk factors for KOA [16,17]. The 
medial tibiofemoral compartment, the lateral tibiofemoral 
compartment, and the patellofemoral joint work together to 
form an articulation. However, due to anatomical features, 
excessive stress on the knee joint can adversely affect the 
functionality of the knee joint. Therefore, long kneeling, 
squatting, weight lifting, long-distance running, football and 
other professional sports are associated with an increased 
risk of developing KOA and frequent injuries. It has been 
established that previous traumatization of the knee joints 
increases the risk of developing KOA by 3.86 times due to 
defects in cartilage, meniscus, and rupture of the anterior 
cruciate ligament (ACL) [18].

In turn, the  lack of   load also increases the prevalence 
of KOA, because traumatization of the knee joint occurs due 
to weak joints and less stable ligaments, however, this risk 
factor is less influential than previous injuries [19]. Thinner 

patellas and differences in the size of the tibial condyles 
distinguish the kinematics of the knee joint in women, with 
an increased propensity to develop KOA [19].

KOA is a source of chronic pain, it affects the 
development of depressive episodes, which are frequent 
and severe consequences of KOA. Chronic pain creates a 
vicious circle where the mentally unstable patient restricts 
physical activity, and physical inactivity contributes to 
increased knee pain and weight gain [20]. From which it 
follows that KOA also affects the social burden, increasing it. 

Genome-wide association studies have identified 
90 genetic risk loci for developing KOA, but these loci are 
not fully responsible for the development of KOA [21]. The 
present meta-analysis examined the potential associations 
between adipokines gene polymorphisms and KOA [22]. 
The association was observed in gene LEPR 1,137,101. 
Additionally, limited data revealed that associations may 
also exist in ADIPOQ rs2241766, VISFATIN rs4730153 
and VISFATIN rs16872158 [23]. The relationship between 
obesity and  the prevalence of KOA has been confirmed 
by a number of studies, in which it was indicated that 
obesity contributes to an increase in the load on the joint, 
the development of an inflammatory response, negative 
consequences in the body and lifestyle change in favor of 
reducing physical activity [16]. In the near future, according 
to new studies, the prevalence of obesity will not decrease, 
which would be associated with an increased incidence of 
KOA and, accordingly, an increase in the number of surgical 
interventions [17].

 Diagnosis
KOA is usually accompanied by pain and stiffness 

in the affected joints, mainly in the morning or after 
prolonged sitting [25]. Pain disappears after half an hour, 
which is a hallmark of other diseases: inflammatory and 

infectious arthritis, bursitis, tendonitis and meniscus 
rupture. Patellofemoral KOA, which may occur alone or in 
the presence of tibiofemoral KOA, is characterized by more 
severe pain when going up and down stairs [26]. 
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KOA effusions are usually absent or mild, while them 
are more common in inflammatory or infective arthritis and 
may be accompanied by popliteal or Baker's cyst formation. 
Bursitis is mostly identified by local pain. Infectious and 
other inflammatory arthritis can be clearly distinguished 
from KOA, since in these diseases the number of leukocytes 
in the synovial fluid exceeds 2000 cells/cm3.

Clinical signs and symptoms of KOA may occur 
before the appearance of osteophytes and narrowing of the 
joint space on radiographs, so the absence of radiological 
signs is not always a reason to exclude KOA from the 
differential diagnosis. Despite normal radiographs, when 
the clinical picture is indicative of KOA, the clinician should 
initiate appropriate treatment [27].

Traditionally, the Kallgren-Lawrence (KL) 
radiographic classification system is used in the diagnosis of 
KOA, assessing the degree of development of KOA from level 
0 to 4. Consistently, joint space narrowing, sclerosis, cysts, 
deformities appear, while the appearance of osteophytes 
indicates the presence of ≥2 degree [27].

The WOMAC scale is a questionnaire for self-
completion by patients, consists of 24 questions 

characterizing the severity of pain (5 questions), stiffness (2 
questions) and functional ability (17 questions) of patients 
with KOA [28].

Traditionally, the intensity of knee pain evaluates 
with a 10 cm visual analogue scale (VAS). According to 
this scale, there are four groups: mild (< 4 cm), moderate 
(4–6 cm), severe (6–8 cm) and very severe (>8 cm) pain. 
To achieve an adequate assessment of pain and physical 
function, patients were asked not to take pain-relieving 
drugs within 48 hours before the study [29].

MRI is used less often in the diagnosis of KOA, as it 
is more often used in scientific research to detect early KOA. 
MRI is indicated for conditions requiring faster action, such 
as subchondral insufficiency, fracture, tumor or infection 
[19]. Ultrasound is much more sensitive for detecting 
osteophytes, with a sensitivity of more than 85%, but not 
as accurate for narrowing the joint space [19]. Being a more 
economically available research method, compared to MRI, 
it can be used to track the progression of the disease.

 Treatment
Nonsurgical treatment. Conservative treatment is 

prescribed for all patients diagnosed with KOA, especially 
those patients who first visit a doctor with knee pain and 
signs of KOA. Typically, such treatment includes a series 
of manipulations aimed at reducing pain and increasing 
joint mobility: reducing daily stress on the affected joint 
and weight loss, therapeutic exercise, thermal procedures, 
drug treatment (non-steroidal anti-inflammatory drugs 
(NSAIDs)), injections of corticosteroids, hyaluronic acid, 
glucosamine, platelet-rich plasma.

Intra-articular injections. The obvious advantages 
of intra-articular injections are the low risk of systemic 
adverse reactions, providing a more direct effect in the form 
of potential pain reduction and improvement in physical 
function. This is supported by studies that have shown that 
such therapy is more effective than oral NSAIDs and other 
systemic pharmacological treatments [30]. The introduction 
of corticosteroids has a pronounced immunosuppressive 
and anti-inflammatory effect, reducing the production of 
interleukin-1, prostaglandins, leukotrienes, MMP9 and 
MMP-11 [31-33]. 

However, the study found that administering 
corticosteroids may be worse than giving physiotherapy 
for one year [34]. The introduction of extended-release 
triamcinolone acetonide has shown that this drug has fewer 
systemic effects than traditional steroid injections [35-38]. 
It should be noted that too long-term use of corticosteroid 
hormones can cause thinning of the skin with the appearance 
of stretch marks and bruises, high blood pressure, elevated 
blood sugar levels, cataracts, puffiness of the face (moon-
shaped face), thinning of arms and legs, poor wound healing, 
growth retardation in children, leaching of calcium from 
bones (with the possibility of developing osteoporosis), 
weight gain and sudden mood swings [39]. 

Platelet-rich plasma (PRP) is a safe treatment 
method at least in the short term (up to 12 months) and 
is more effective than the administration of hyaluronic 
acid (HA). A randomized clinical trial (RCT) conducted by 
Raeissadat et al. compared the long-term effects of intra-
articular injections of PRP and HA on clinical outcomes 
of patients suffering from KOA [40]. After 12 months, the 
WOMAC pain score significantly decreased in both groups. 

The PRP group showed better results than the HA group 
(P<0.001), especially at stages 1 and 2 according to KL scale 
[40].

Weight loss. After a five-year follow-up, it was 
found that weight loss reduces symptoms and slows 
the progression of the disease [41]. At the same time, 
biomechanics is significantly improved, it became known 
that a decrease in weight by 1 kg leads to a fourfold decrease 
in the forces acting on the knee [42]. It is important to taking 
foods such as blueberries, raspberries and pomegranate 
grass, which can reduce arthritis pain [43]. A randomized 
controlled trial found that walking reduced pain scores by 
1.38 points (on a scale of 0 to 10) (p = 0.003) [44]. Exercise 
reduces the load on the knee joint during movement, 
relieving pain and improving joint mobility and rotation 
[45,46]. By the recent study, telehealth-delivered exercise 
and diet programs improved pain and function in people 
with knee osteoarthritis and overweight or obesity [47].

Supporting devices. The effectiveness of unloading 
knee orthoses in KOA is doubtful due to the fact that most 
studies on this topic are not randomized [48,49]. A cane, 
shock-absorbing shoes, and inserts alleviate the symptoms 
of KOA [50,51]. A recent study by a group of patients 
wearing the biomechanical footwear device with 2 convex 
adjustable rubber pads screwed to the outsole at the heel 
and forefoot showed an improvement in the condition of the 
patients [52]. 

Massage and manual therapy. A 60-minute Swedish 
full-body massage once a week for 8 weeks has shown a 
consistent effect in improving functional status in adults 
with osteoarthritis of the knee compared to active controls 
and usual care [53]. Manual therapy has a positive short-
term effect on reducing pain in patients with KOA [54].

Non-steroidal anti-inflammatory drugs and 
pharmacological treatment. European Association of 
Osteoporosis and Osteoarthritis Economic Areas (ESCEO) 
stated non-steroidal anti-inflammatory drugs (NSAIDs), 
glucosamine sulfate (GS) and chondroitin sulfate (CS) as 
first-line drugs for the treatment of KOA [55]. Taking NSAIDs 
is associated with side effects, for example, the daily use of 
drugs of this group four times increases the risk of bleeding 
from the upper gastrointestinal tract. 
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According to a meta-analysis of 280 RCTs, vascular 
side effects are increased by 1/3 with the administration 
of a cyclooxygenase-II inhibitor [56,57]. Both gels and 
creams with ibuprofen, which are clinically effective, are 
more commonly used in pharmacological treatment [58]. 
Ketoprofen and diclofenac preparations are well tolerated 
when used topically [59,60]. Topical administration of 
diclofenac sodium 2% is associated with good tolerability 
and long-term clinical benefits [61]. The interleukin-1 
inhibitor diacerein and the norepinephrine, serotonin 
reuptake inhibitor duloxetine (SMD 0.39) can delay 
the course of the disease, reduce pain, and improve the 
quality of life of patients [62-64]. For patients with severe 
disease, tramadol has been prescribed for a short time. 
However, there are limitations to its use, such as limited 
analgesic effect, tolerance, and physical dependence [65]. 
Acetaminophen is an alternative for patients allergic to 
NSAIDs, contraindications include liver disease. In studies, 
acetaminophen is less effective than NSAIDs in the treatment 
of KOA (SMD 0.05) [66-68]. 

Surgical treatment. If conservative methods 
have not shown results for at least three months, surgical 
intervention should be considered in order to improve 
the patient's quality of life. Surgical interventions include 
several methods: arthroscopy, cartilage repair, osteotomy 
and knee replacement (unicompartmental (UKA) and total 
knee arthroplasty (TKA)). 

Arthroscopy, debridement and osteotomy. 
Arthroscopic lavage and debridement provide good results 
in early and moderate KOA, and debridement can relieve 
symptoms for up to 2 years without increasing the risk of 
joint arthroplasty [69]. However, the results are notable for 
their inconsistency [70,71]. The resulting microfractures can 
positively influence the course of the disease by recruiting 
bone marrow pluripotent stromal cells to cartilage defects 
[72]. The traditional Coventry osteotomy transfers weight 
off the injured area by moderately overcorrecting the varus 
or valgus axis to relieve pain and slow degenerative process 
and joint replacement. This intervention is more likely to be 
performed in younger patients [73,74].

Unicompartmental knee arthroplasty. Single-piece 
knee replacement is an TKA alternative for patients whose 
disease is limited to one area of the knee, for example, 
particularly in the tibiofemoral region (medial or lateral). 
Being a less invasive procedure, patients can generally 
be discharged earlier than those undergoing TKA and can 
return to normal activities earlier, including work and 
sports [75,76]. The longevity of the medial UKA is ~10 years 
[77,78].

Total knee arthroplasty. For patients with advanced 
osteoarthritis of the knee, TKA may be the only option 
for managing pain and improving function. It is a safe 
intervention that relieves pain by 90-95% and has an 1-2% 
complication rate. As surgical techniques have become 
advanced, more than 90% of TKA patients will continue to 
report satisfactory outcomes 20 years after surgery [79]. 
Total knee arthroplasty involves cutting the damaged ends 
of the tibia and femur and closing them with a prosthesis. 
Partial recovery takes 6 weeks and full recovery takes up to 

1 year [80]. Although the overall life of a TKA prosthesis is 
affected by a factor associated with orthopedic technologies. 
In general, the average life is 15–20 years. Survival rates 
up to 98% have been noted as a long-term outcome of TKA 
[81]. Postoperative pain appears or persists in one in eight 
patients without radiological or clinical abnormalities [82]. 
Infections, femoral-patellar problems, knee stiffness are 
most common adverse effects. Blacks and Hispanics also 
have a higher risk of adverse outcomes, including joint 
infections after TKA [83].

Cell therapy. Current methods of managing 
articular cartilage defects include multiple microfractures, 
osteochondral autograft transfer, osteochondral allograft 
transplantation, autologous chondrocyte implantation, 
and matrix-assisted autologous chondrocyte implantation 
[84]. However, these clinical repair methods mainly lead to 
short-term functional regeneration with the formation of 
fibrocartilage, and cannot provide sustainable restoration 
of functional hyaline cartilage [85]. Currently, tissue 
engineering technology using various hydrogel scaffolds, 
mesenchymal stem cells (MSCs), and growth factors are 
considered as the most promising therapeutic strategy for 
the regeneration of cartilage and osteochondral defects [86]. 
MSCs are multipotent stem cells that possess self-renewal 
capacity and can differentiate into various specialized cell 
types such as adipocytes, chondrocytes, and osteoblasts [87]. 
MSCs can be obtained from various pathways, such as bone 
marrow [88], adipose tissue [89], and umbilical cord [90], 
and have recently been obtained from infrapatellar adipose 
tissue (IFP) for cartilage regeneration due to their increased 
chondrogenic capacity [91,92]. One of the advantages of 
synovium-derived MSCs (SDMSCs) is that these cells are 
tissue-resident stem cells, which actively participate in 
maintaining joint homeostasis and cartilage repair [93]. 
Moreover, it has been demonstrated that compared to MSCs 
isolated from other tissue sources, SDMSCs have greater 
proliferation activity and chondrogenic potential in vitro, 
rendering SDMSCs as an appropriate source for cartilage 
regeneration [94]. 

It was reported that the implantation of MSCs alone 
often leads to the formation of fibrocartilage, indicating 
that the in vivo environment is not sufficient to induce 
chondrogenesis in cartilage defect [95]. Recently, a number 
of studies demonstrated that MSCs encapsulated in hydrogel 
scaffolds with chondroinductive growth factors significantly 
repaired cartilage defects in contrast to individual 
application of MSCs or growth factors [96]. Transplanted 
MSCs can differentiate directly into chondrocytes and 
promote cartilage regeneration, secrete a number of growth 
factors and cytokines, where PDGF is the most effective 
growth factor and can promote tissue integration [97,98]. 
There have been many studies on the treatment of KOA [99-
101]. MSCs have unique immunomodulatory properties to 
reduce inflammation, enhancing angiogenesis, cell survival, 
and differentiation [102,103]. Recent studies have shown 
that MSC-derived exosomes can inhibit the development 
of KOA and summarized the results of studies on exosomes 
derived from various MSCs and their efficacy in KOA therapy 
[104,105].

 Conclusions
Conservative treatment is recommended at the 

initial stages of KOA, while surgical treatment is indicated 
for degenerative changes and collapse, which includes 
arthroscopy, debridement, osteotomy and, ultimately, 
unicompartmental knee replacement or total knee 
replacement. In addition, it is necessary to note one of the 
methods with a potential treatment option – cell therapy, the 

purpose of which is to improve the structural integrity of the 
damaged joint, treat pronounced bone edema and create the 
potential for remodeling articular cartilage. We hope that 
such studies would be reasonable, since the most important 
purpose is to restore the structure of articular cartilage.
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Түйіндіме
Тізе буыны остеоартрозы (ТБОА) - жиі жағдайда 60 жастан асқан ересектерге әсер ететін созылмалы буын ауруы. Соңғы 

зерттеулер оның прогрессивті сипатын көрсетеді, буынның әртүрлі компоненттеріндегі құрылымдық өзгерістерді, соның ішінде 
буын шеміршегін, синовиальды қабықты және байламдарды қамтиды. 

Жаһандық деңгейде 250 миллионға жуық адам ТБОА-мен ауырады, симптомсыз жағдайларға, семіздікке және басқа 
факторларға байланысты ТБОА жиілігі арта түскен. Еркектерге қарағанда әйелдер бұл ауруға жиі ұшырайды. ТБОА әлемдегі 
мүгедектіктің жиі кездесетін себептерінің біріне айналып, аурудың ауыртпалығының 85%-ын құрайды. 60 жастан асқан 
адамдардың шамамен 10%-ы ТБОА-мен ауырады, бұл қозғалыс шектеулеріне әкеледі. 

Шолудың мақсаты ТБОА-ны бейнелеу мен заманауи емдеуге қатысты соңғы зерттеулерді, сондай-ақ осы аурудың 
таралуын талдауды қамту болып табылды.

Процестің ауырлығына және ауырсыну синдромына байланысты хирургиялық емес әдістер жиі жағдайда жеткіліксіз болып 
жатады. Буындарды эндопротездеу соңғы сатыда емдеудің маңызды әдісін ұсынады. Алайда, кортикостероидты инъекциялар, 
гиалурон қышқылы және жасушаларды қолдану сияқты басқа әдістер аурудың дамуын бәсеңдетуі мүмкін. Ерте кезеңдерде ТБОА 
асимптоматикалық болуы мүмкін екенін ескере отырып, уақтылы диагноз қою маңызды рөл атқарады. Ауруды тиімді басқару 
үшін симптомдарды, клиникалық деректерді және әртүрлі диагностикалық бейнелеу әдістерінің нәтижелерін ескеру маңызды.

Түйін сөздер:  тізе  буыны остеоартрозы, остеоартроздың диагностикасы, остеоартроздың емі, толық эндопротездеу, 
мезенхималық бағаналы жасушалар. 
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Резюме
Остеоартроз коленного сустава (ОАКС) представляет собой распространенное хроническое заболевание суставов, 

чаще всего поражающее взрослых старше 60 лет. Последние исследования указывают на его прогрессивный характер, вовлекая 
структурные изменения в различных компонентах сустава, включая суставной хрящ, синовиальную оболочку и связки. 

Глобально около 250 миллионов человек страдают от ОАКС, с ростом заболеваемости ОАКС из-за бессимптомных случаев, 
ожирения и других факторов. Женщины чаще подвержены этому заболеванию, чем мужчины. ОАКС становится одной из главных 
причин инвалидности в мире, обуславливая 85% бремени ОАКС. Приблизительно 10% людей старше 60 лет страдают от ОАКС, 
что приводит к ограничениям в передвижении. В связи с выраженностью процесса и болевого синдрома, нехирургические методы 
часто оказываются недостаточными. 

Цель обзора заключается в освещении недавних исследований, касающихся визуализации и современных методов лечения 
ОАКС, а также анализа распространенности этого заболевания.

Эндопротезирование суставов представляет собой важный метод лечения на терминальной стадии. Однако 
другие методы, такие как инъекции кортикостероидов, гиалуроновая кислота и использование клеток, могут замедлить 
прогрессирование заболевания. Своевременная диагностика играет ключевую роль, учитывая, что на ранних стадиях ОАКС может 
протекать бессимптомно. Важно учитывать симптомы, клинические данные и результаты различных методов визуализации 
для эффективного управления заболеванием.

Ключевые слова: остеоартроз коленного сустава, диагностика остеоартроза, лечение остеоартроза, тотальное 
эндопротезирование, мезенхимальные стволовые клетки. 


